This article assesses the impact of the world price-depressing effect of agricultural subsidies and border protection in OECD countries on developing economies' exports, imports, and welfare. Developing economy exporters are likely to benefit from reductions in such subsidies and trade barriers, whereas net importers may lose as world prices rise. A simple partial equilibrium model of global trade in commodities that benefit from domestic support or export subsidies is developed to estimate the relevant elasticities. Simulation results suggest that a 50 percent reduction in border protection will have a much larger positive impact on developing economies' exports and welfare than a 50 percent reduction in agricultural subsidies. Although there is significant heterogeneity across developing economies, the results suggest that efforts in the Doha Round of WTO negotiations should be directed at substantially reducing border protection.
of agricultural trade and support policies will differ. However, most analyses conclude that the overall gain to developing economies from reforming agricultural policies greatly outweighs the potential cost to countries that are significant net importers of subsidized agricultural products.
Negotiations were launched in 2000 in the World Trade Organization (WTO) to reduce trade-distorting interventions in agricultural markets, both subsidies (domestic support and export subsidies) and border protection (tariffs and tariff rate quotas). Developing economies need to determine which instruments of agricultural protection are most detrimental to their interests and therefore where to direct their negotiating efforts on agriculture in the Doha Round. 2 This article attempts to shed some light on the issue by assessing the relative impact of tariffs, domestic support policies, and export subsidies on exports, imports, and welfare in 144 countries, 120 of them developing. The article assesses the impact of a 50 percent global reduction in agricultural tariffs and compares this to a 50 percent cut in domestic support and export subsidies. 3 In welfare terms, tariffs matter significantly more than subsidies in that tariff reductions generate greater welfare gains. In large part this is because of high tariff peaks in both Organisation for Economic Co-operation and Development (OECD) and developing economies in products subject to domestic support or export subsidies. More generally, domestic support tends to have a much smaller impact on world prices than tariffs. 4 The econometric analysis generates very small estimates of the elasticity of net imports with respect to domestic support. Although the estimated elasticity with respect to export subsidies is considerably larger, export subsidies are much smaller than domestic support, so that their overall impact on the trade and welfare of developing economies is relatively small. These findings support the analysis of Snape (1987) , who emphasizes the importance of reductions in border barriers in cases where governments also use subsidies to support production. As border barriers are reduced, the cost to national treasuries of maintaining a constant level of agricultural support increases substantially. Thus, reducing border protection will discipline the ability of governments to employ subsidy programs.
A partial equilibrium framework is used to estimate the impact of policy changes for a sample of 144 countries on world prices of agricultural commodities that benefit from domestic support or export subsidies in at least one WTO member.
The analysis focuses on 267 commodities, defined at the six-digit level of the Harmonized System (HS), 5 that benefit from domestic support or export subsidies. The analysis is restricted to this set of commodities so as not to bias the findings. Because most countries apply tariffs to all agricultural products, not just those that are subsidized, any comparison of the effect of reducing tariffs on all agricultural goods with a reduction in support policies is likely to conclude that tariffs are more important for developing economies.
The partial equilibrium approach allows assessment of the effects of policy changes on individual countries, including the low-income and least developed areas that are of particular concern to the development community. Most of these countries are generally subsumed in regional aggregates in applied general equilibrium models. The partial equilibrium approach also allows the use of disaggregated six-digit HS trade and protection data, and it allows estimation of trade elasticities directly from the data instead of using elasticities that have been estimated outside the data and the simulation model. 6
I. AGRICULTURAL T A R I F F S , DOMESTIC S U P P O R T , A N D E X P O R T S U B S I D I E S
There are 158 commodities at the HS six-digit level that benefit from direct domestic support in at least one WTO member. Total support reported to the WTO was some US$227 billion a year on average during 1995-98 (appendix table A-1). Around $108 billion of domestic support is in the so-called Green Box-support exempted from future reduction commitments because it is considered not to distort trade. Domestic support is used primarily by OECD countries, accounting for more than 88 percent of total domestic support payments notified to the WTO. The Quad group (Canada, European Union, Japan, and the United States) accounts for 84 percent. Their share of world support is greater than 99 percent in several products (milling products; animal and vegetable fats and oils; prepared fruit, vegetable, and nut products; beverages and spirits; silk; and certain vegetable textile fibers and yarn).
Developing economies also have become greater users of subsidies-they account for 12 percent of total domestic support reported to the WTO during 1995-98 (see appendix table A-1). Major subsidizers include Brazil, Thailand, and Venezuela. Not surprisingly, the least developed countries report no direct domestic support. Developing economies support many of the same commodities as high-income countries, but they also support activities that OECD members do not (live trees and flowers; coffee, tea, and spices; gums, resins, and other vegetable saps; cocoa; and miscellaneous edible preparations. 5. The Harmonized Commodity Description and Coding System (usually referred to as the Harmonized System or HS) is used for tariff classification. It is made up of 1,241 headings grouped into 96 chapters. It has 5,000 subheadings identified by a six-digit code.
6. For recent computable general equilibrium studies focusing on the same question, see Beghin and others (2002) , Dimaranan and others (2002) , Rae and Strutt (2002), and Tokarick (2003) . These studies obtain qualitatively similar results (border barriers matter more than domestic support).
Meat, dairy products, cereals, and sugar account for the lion's share of domestic support, representing almost 82 percent of reported nonexempt domestic support. They represent 78 percent of the $88 billion in domestic support provided by the Quad, 97 percent of the total for other OECD countries, and 93 percent for developing economies. This product concentration across regions is reflected in the high correlation across products of the domestic support provided by the Quad and by other groups. The correlation coefficient is 0.87 between domestic support in the Quad and in developing economies and 0.67 in the case of the Quad and other OECD countries.
Export subsidies are also concentrated in a limited number of commodities. There are 208 tariff lines at the HS six-digit level that are subject to export subsidies in at least one WTO member. Export subsidy commitments across WTO member totaled $18 billion in 1995-98-some 10 percent of total direct domestic support. 7 The OECD accounts for 83 percent of all export subsidy commitments made in the WTO. Developing economies account for the remainder-with least developed economies not reporting any export subsidies (see appendix table A-1).
Export subsidies are concentrated in the same four products that benefit most from domestic support. Meat, dairy products, cereals, and sugar represent 80 percent of export subsidies granted by WTO members. The product correlation of export subsidies across the three country groups is lower than for domestic support, but still high and positive (and statistically different from zero). The correlation is 0.56 between export subsidies in the Quad and in other OECD countries and 0.51 between the Quad and developing economies.
The average most favored nation tariff applied to agricultural products varies substantially, but in the majority of OECD countries it is more than double the average for manufactures. Products that receive domestic support or export subsidies tend to have higher average tariffs. In the Quad the average tariff on imports of products that are subsidized by at least one WTO member is 26 percent, compared with the average tariff for all agriculture of some 17 percent (appendix table A-2). High tariffs and tariff peaks for subsidized products are also observed in other OECD countries and in developing areas.
The global pattern of protection of agriculture will have differential impacts on countries, depending on whether they are net producers or consumers of the affected commodities. A first cut at identifying the implications of global protection on individual countries is to calculate the relative importance to them of exports and imports of the products that are subsidized by at least one WTO member. This reveals that the least developed economies are potentially much more affected than other countries: Goods that are subject to domestic support in at least one WTO member constitute 18 percent of their exports on average, compared with 3-4 percent for other countries (appendix table A-3) . Similarly, 17 percent of their exports are in categories that receive export subsidies by at least 7. Export subsidy commitments are used rather than actual subsidy disbursements because data are more reliable. one WTO member, compared with 4 percent for developed areas and 5 percent for other developing economies. A similar pattern holds for imports-some 9-13 percent of imports of least developed economies involve products that are subsidized, compared with 3-4 percent for other countries.
For many least developed economies, the potential incidence of subsidies is therefore very high. For economies such as Benin, Burkina Faso, Burundi, Chad, Malawi, Mali, Rwanda, St. Kitts and Nevis, St. Lucia, Sudan, Tanzania, Uganda, and Zimbabwe, goods that are subsidized by one or more WTO members constitute 60-85 percent of total exports. But even among least developed economies there is important heterogeneity. For example, products that receive domestic support or export subsidies in other WTO members constitute less than 1 percent of Mauritania's exports.
II. ANALYTICAL F R A M E W O R K
A simple partial equilibrium model is used to estimate the impact on exports, imports, and welfare of a reduction in tariffs, domestic support, or export subsidies. World markets are assumed to be perfectly competitive and integrated, with no further scope for arbitrage across countries. Products traded in world markets under the same HS six-digit classification are considered to be perfectly homogeneous. Each six-digit HS product category represents only a small share of the economy, so that changes in a particular category have only a negligible effect on other product markets. 8 Import demand for each HS six-digit product of country c is given by
where a c is a demand parameter in country c that captures size and all other factors influencing import demand, p w is the price in the world market, t c is the tariff in country c, 9 t c is the average transport cost from country c to the world market, 10 e d is the import demand elasticity, s c is producer support in country c, 11 l d is 8. The setup is similar to those in Zietz and Valdés (1986) and Hoekman and others (2002) . Hoekman and others discuss some of the caveats associated with the use of this type of model. Note that no account is taken of such issues as the potential impact of exchange rate overvaluation, indirect taxes, and other factors that may result in an overall antiagriculture bias and thus offset the effect of tariff protection or subsidy policies. Schiff and Valdés (2002) suggest that in many developing economies, antiagriculture bias due to such policies has declined, implying that direct instruments, such as tariffs and subsidies, are the major determinants of the magnitude of protection. 9. Tariffs (or ad valorem equivalents of different border protection measures) are likely to vary by exporting country. For example, the ad valorem equivalent of a specific tariff is likely to vary by exporting country. Because information on bilateral protection levels is lacking, they are assumed to apply on a most-favored-nation basis.
10. This explains differences in import prices across countries as observed in the data. Note that transport costs are likely to vary across exporting countries.
11. Countries with no domestic support are assigned a $1 value to ensure that the import demand function is not undetermined. the elasticity of import demand to producer support, and a c is defined as a residual for notational simplicity, incorporating all terms other than price on the left side of the second equality.
Export supply for each HS six-digit product of country c is given by
where b c is a supply parameter that captures size and other determinants of export supply, e s is the export supply elasticity, l s is the elasticity of export supply with respect to domestic support, 12 e c is the export subsidy in country c, l x is the elasticity of export supply with respect to export subsidies, and b c is a residual used for notational purposes. Transport costs to world markets are the same for exporters and importers of the same HS six-digit good in the same country. The simultaneous presence of tariffs, domestic support measures, and export subsidies may lead to both imports and exports of a homogeneous product for a given country. Because of data constraints, import demand and export supply elasticities for products and import and export elasticities with respect to domestic support and export subsidies are assumed to be identical for all countries. This has implications for the underlying domestic supply and demand elasticities of domestic support across the countries in the data set. For example, if the elasticities are relatively similar across countries and if consumption is only marginally affected by changes in domestic support, then import demand elasticities should vary across countries depending on the ratio of domestic production to exports. The underlying domestic demand and supply elasticities cannot be estimated, however, because production and consumption data are not available at the HS six-digit level. The empirical analysis tests whether elasticities for the two subsamples of developing and developed economies are statistically different (see note 18).
The equilibrium world price is obtained by solving for the world price in the world market clearing condition
The change in the world equilibrium price following a reduction in tariffs, domestic support, or export subsidies is obtained by taking the total differential of equation 3 with respect to t c , s c , or e c . The percentage changes in the world price after a common percentage change in each policy are given by 12. Again, countries with no domestic support (or export subsidies) are assigned a $1 value to ensure that the export supply function is not undetermined.
x is the change in welfare in an exporting country relative to the initial export revenue, and w c m is the change in welfare in an importing country relative to the initial import revenue. The first term on the right side of the w c in equation 6 is the change in import consumer surplus, and the last two terms provide the change in tariff revenue. Note that the changes in welfare in equation 6 take into account shifts of domestic import demand and export supply functions following changes in relevant policies. The overall change in welfare can be obtained by adding up the two expressions in equation 6 after normalizing the two terms to the same base (exports, imports, total trade, or per capita income).
III. EMPIRICAL M E T H O D O L O G Y
The empirical methodology consists of three steps. First, import demand and export supply elasticities are estimated with respect to prices and subsidies (e d , e s , l d , l s , and l x ). Next, the demand and supply parameters (a c and b c ) are calibrated for each country and product at the HS six-digit level. Finally, the elasticities and calibrated parameters are used to measure the changes in world prices, export revenue, import revenue, and welfare following a 50 percent reduction in agricultural tariffs, domestic support, or export subsidies in all countries.
The elasticities cannot be obtained simply by estimating the import demand and export supply functions in equations 1 and 2 because they are determined simultaneously in any country. Moreover, world prices are not observed, but only export and import unit values in each country, including transport costs. If traded quantities are measured with error (which is likely because customs revenue authorities are generally mostly concerned with the value of shipments), unit values will also be measured with error, which may bias the results. 14 To avoid these problems, units are chosen so that the average world price of each product during 1995-98 is equal to 1. The net import demand function is then estimated across countries and products as the log difference of import demand and export supply for each country (measured in value terms due to the choice 14. There is no obvious instrument for unit values at the HS six-digit level. of units). Note that world price terms will then drop from the specification, as log(p w ) = log(1) = 0.
Equations 1 and 2 are used to obtain the following estimating equation:
GDP and population in each country are used as controls for a c and b c . Product and country dummy variables are also included to control for other demand and supply factors that are common within countries (such as endowments) or across HS six-digit categories (such as international market structure). 15 There are two problems with the estimation of equation 7: Transport costs are not directly observable, and only the sum of the elasticity of import demand and export supply with respect to domestic support can be retrieved. Assuming that transport costs to the world market are equal for exporters and importers, transport costs can be proxied by the ratio of export and import unit values. As long as the measurement error in unit prices is identical for exports and imports, the problems are addressed. On the second issue elasticities of import demand and export supply with respect to domestic support are assumed to be equal. 16 Because of the unbalanced nature of the data set, a between estimator is used, based on four-year averages over the period for which domestic support and export subsidy data are available, rather than annual data (the sample is thus a cross-section of countries and products). 17 Table 1 reports the results of the estimation of equation 7, introducing different types of subsidies in a stepwise fashion. It reports results using notifications by WTO members of nonexempt types of domestic support only, denoted s c . It also reports results using notifications on exempt (Green Box) types of domestic support, which are non-product specific. For purposes of estimation these categories are allocated across products using the distribution of domestic support commitments by product. This type of domestic support is denoted as s c DS1-3 . The results of estimating equation 7 when the two types of domestic support are combined are also reported. Testing for the adding up of the two types of domestic support was done by running a nonlinear regression (but without country and product dummy variables because of programming constraints) that included the following 15. As world prices are normalized to 1 by choice of units, the export supply elasticity can be retrieved by using the information on transport cost and the estimate of the import demand elasticity in front of (1 + t).
IV. RESULTS
16. The simulations test for the robustness of results by varying the elasticities with respect to domestic support on the demand and supply side.
17. This is also due to the fact that ad valorem equivalents of specific tariffs have only been estimated for 1999 in the OECD (2000) .
variable: log (s
. The parameter f is statistically not different from 1. Results are also reported using export subsidies only and both export subsidies and the sum of the two types of domestic support. 
log(GDP) 0.34 0.33 0.33 0.33 0.33 (0.09)** (0.09)** (0.09)** (0.09)** (0.09)** log(Pop) À0.28 À0.28 À0.28 À0.28 À0.28 (0.11)** (0.11)** (0.11)** (0.11)** (0.11)** log(1 + t) À (e d ) À1.72 À1.76 À1.74 À1.67 À1.64 (0.17)** (0.18)** (0.18)** (0.18)** (0.18)** log(1 + t) À (e d À e s ) À0.88 À0.88 À0.88 À0.87 À0.87 Note: These results are from estimation of equation 7 in the text. The left side variable is the difference of the logs of import revenue and export revenue, e d is the price elasticity of import demand, e s is the price elasticity of export supply, l d + l s is the sum of elasticities of import demand and export supply with respect to domestic support, l x is the elasticity of export supply with respect to export subsidies, GDP is the value of GDP, Pop is population, t is tariff expressed in percentage points, t is transport cost, s DS4-9 is nonexempt domestic support, s DS1-3 is WTO-exempted domestic support (Green Box), and e is the export subsidy. Standard errors in parenthesis are White robust. a Corresponds to WTO categories DS4-9; see data appendix. b Corresponds to WTO categories DS1-3; see data appendix.
Source: Authors' calculations based on data from sources described in the appendix.
Results across the five specifications generally yield an elasticity of import demand in the 1.64-1.72 range and an elasticity of export supply in the 0.77-0.88 range. The elasticities of domestic support are in the 0.04-0.09 range. The elasticity of net import demand with respect to export subsidies is estimated at 0.23 in the preferred specification (column 5 of table 1). 18 These pooled regressions assume common elasticities across different products, which is not necessarily the case. Table 2 reports the results of the estimation of equation 7, but with elasticities allowed to vary across five product groups: animal products (HS 01-04); vegetables, fruits, and nuts (HS 06-09); cereals and grains (HS 10-14); processed food products (HS 15-24); and cotton and other textile fibers (HS 50-53). The product group-specific elasticities are used as the base estimates for the simulation exercises that follow. The overall estimates in column 5 of table 1 are used to test for the robustness of the results. 19 Note that the elasticities of net import demand with respect to domestic support are relatively small (around 0.05), suggesting that a reduction in domestic support across WTO members will have only a small impact on world prices. 20 The elasticities with respect to export subsidies tend to be much larger.
Simulation Results
The baseline simulations use the estimated coefficients in table 2 to calibrate import demand and export supply in each country. Changes in export and import revenue and welfare following a 50 percent cut in tariffs, domestic support, and export subsidies are then calculated for each country using equations 5 and 6. Recall that the simulations are done for the 267 tariff lines at the HS six-digit level for which at least one country provides domestic support or export subsidies. (The overall agricultural universe includes more than 900 tariff lines at the HS six-digit level.)
The increase in trade and welfare across OECD countries, developing economies (excluding least developed economies), and least developed economies is much larger for the tariff cut than for the reduction in domestic support or export 18. Testing for the homogeneity of the parameters across groups of countries in the estimation of the regression reported in column 5 was done by splitting the sample into developed and developing economies. Results suggest that domestic support and export subsidy elasticities are not statistically different across these two subsamples, whereas price elasticities tend to be different.
19. For cereals and other grains, the coefficient capturing the import demand elasticity is insignificant and smaller than the coefficient on the difference of import demand and export supply price elasticities (which is significant). Thus the assumption that the export supply elasticity is zero cannot be rejected. The export supply elasticity is therefore set to zero in the simulations for these products, and the import demand elasticities are calibrated accordingly.
20. The implicit assumption here in moving along the export supply and import demand functions that domestic support affects only the variable cost of farmers receiving the subsidy. This approach does not permit measuring the (potential) impact that domestic support may have on fixed costs or on decisions to produce. Note that it is sometimes argued that domestic support that is decoupled from production may still have an impact on production levels because it may affect farmers' decisions to enter a market. subsidies (table 3) . 21 Reductions in domestic support and export subsidies have little impact on the exports, imports, or welfare of developing economies. A 50 percent tariff cut by WTO members, however, boosts developing economy welfare by $7.8 billion, exports by 9 percent, and imports by 6.8 percent. The effects for least developed economies are much lower, with a negative welfare effect and a 3.8 percent rise in exports and 3.4 percent rise in imports. **Significant at the 1 percent level. Note: These results are from estimation of equation 7 in the text. The left side variable is difference of the logs of import revenue and export revenue, e d is the price elasticity of import demand, e s is the price elasticity of export supply, l d + l s is the sum of elasticities of import demand and export supply with respect to domestic support, l x is the elasticity of export supply with respect to export subsidies, GDP is the value of GDP, Pop is population, t is tariff expressed in percentage points, t is transport cost, s DS4-9 is nonexempt domestic support, s DS1-3 is WTOexempted domestic support, and e is the export subsidy. Group-specific elasticities were estimated using the information in the whole sample, letting the elasticities vary by group of products. Standard errors in parenthesis are White robust.
21. The increase in export revenue is not necessarily equal to the increase in import revenue because these are measured at different prices (due to the presence of transport costs).
These average changes mask substantial heterogeneity across countries. For example, in Benin, Burundi, Guinea-Bissau, Paraguay, and Uganda the increase in export revenue associated with a 50 percent reduction in domestic support and export subsidies is two to three times larger than the increase associated with a 50 percent reduction in tariffs. The increase in welfare after a 50 percent cut in domestic support is also larger in these countries (figures 1 and 2). The highest percentage increases in exports following a 50 percent tariff reduction are found in Caribbean and Central American countries, reflecting their specialization in such commodities as edible fruits and vegetables, processed foods, and sugar-categories that see the largest expansion in demand in percentage terms (see appendix table A-1). With a few exceptions (such as the Republic of Congo, Malawi, and Mauritius), African countries tend to register only limited increases in exports and welfare.
Most developing economies will benefit (some significantly) from a 50 percent tariff reduction for the 267 products in the sample (see figure 1 ). The largest gainers include Caribbean and Central American countries and some Cairns group members, such as Argentina, Chile, Colombia, and Malaysia. Among the winners, welfare gains are generally much larger under a 50 percent tariff cut (most countries are above the 45°diagonal).
Some developing economies may lose from a 50 percent tariff cut-including net food importing countries, such as Algeria, Kuwait, Oman, Paraguay, Qatar, Saudi Arabia, and Singapore. These countries also tend to lose from a 50 percent reduction in subsidies, but to a much smaller extent because subsidy cuts lead to much smaller increases in world prices. Source: Authors' calculations based on data from sources described in the appendix.
Hoekman, Ng, and Olarreaga
For least developed economies, the welfare impacts tend to be relatively small, and a large number of least developed economies would experience a (modest) decline in welfare after a global 50 percent reduction in tariffs. Malawi would be the largest beneficiary in gains per capita from both types of reform. 22 With respect to specific products a global 50 percent cut in tariffs generates a relatively large increase in developing economy exports of edible vegetables, fruits, and nuts (HS 07-08), sugar (HS 17), prepared vegetables and fruits (HS 20-21), and tobacco (HS 24). For least developed economies, the largest increases occur in meat (HS 02), sugar (HS 17), and miscellaneous edible preparations (HS 21). 23 Source: Authors' calculations based on data from sources described in the appendix.
22. This is driven by the composition of Malawi's export bundle. The largest increase occurs for tobacco and sugar exports. All these numbers should be interpreted with caution because import demand and export supply elasticities are assumed to be homogenous across countries. Splitting the sample into developing and developed economies yields smaller export supply elasticities for developing economies, suggesting an overestimate for exporters in developing areas.
23. The analysis does not include the trade restrictiveness associated with sanitary or phytosanitary barriers, as well as other nontariff barriers that may hinder trade and limit export expansion. For recent analysis of these issues see Wilson and Abiola (2003) .
These results assume that policy changes are undertaken on a global basis, including by developing economies. The impacts of a 50 percent cut in tariffs, domestic support, and export subsidies by OECD members only are qualitatively similar, in that changes in exports, imports, and welfare are much larger for the reduction in tariffs, supporting the conclusion that border barriers are particularly important for developing countries (table 4) .
Global reform spanning all WTO members tends to bring larger gains for those that benefit than do reforms by OECD countries only (figures 3 and 4) . This emphasizes the importance for developing economies of participating in agriculture reform efforts. Again, there is some heterogeneity among developing and least developed economies, but benefits from reform by all WTO members are always greater than benefits from OECD reform only (countries on the right side quadrants in figures 3 and 4 are all above the 45°line, implying that welfare gains would be larger under reform by all WTO members).
These simulation results ignore trade preferences. This omission is important, because it implies that benefits may be overstated for developing economies that enjoy meaningful preferential access to protected markets. It also means that the losses to some least developed economies from global agricultural policy reform Source: Authors' calculations based on data from sources described in the appendix. may be understated. Although the overall impact of ignoring preferences will be negligible because the countries that get deep preferences are small and have only a marginal impact on world trade, additional research and analysis are needed. The potential problem of preference erosion is limited to a small number of countries. Few developing economies benefit significantly from trade preferences, especially in the product categories that are the subject of this analysis. As noted by Hoekman and others (2002) , preference margins tend to be lowest for products for which tariffs are highest-because these are mostly ''sensitive'' categories. Recent research has also documented that utilization rates of preferences are often much below 100 percent. Even where there are benefits (rents), a significant share is captured by importers and retailers, not the intended beneficiary countries. 24 Nonetheless, some countries, especially least developed economies that have recently been granted duty-and quota-free access to large OECD markets, stand to lose from preference erosion in certain markets. An obvious example is sugar. Although the predicted increases in the world price of sugar following global reform will benefit net exporters to some extent and offset the loss in preferential access to some extent, the existence of preferences implies that the losses to the least developed economies that currently benefit from preferences in such highly distorted markets may be greater (and the gains smaller) than suggested by the analysis here. This is not likely to be the case for other developing Source: Authors' calculations based on data from sources described in the appendix.
24. See, for example, Brenton (2003) , Inama (2003) , Mattoo and others (2002) , Tangermann (2002) , and Ozden and Reinhardt (2003) . economies that are predicted to benefit from global reform, however, because these countries are not granted the type of deep preferences that have been offered to least developed countries.
Sensitivity Analysis
Given the various assumptions made about elasticities, several sensitivity analyses were performed. First the results in table 3 were reestimated using the elasticity estimates provided for the whole sample in column 5 of table 1 (instead of the elasticity estimates by product reported in table 2). The results in table 3 were also reestimated using extreme values for the elasticities of domestic support on the import and export sides (either zero or the total value of the estimated coefficient instead of half the estimated coefficient in table 2).
When the elasticities estimated for the whole sample are used, a 50 percent tariff cut leads to a 20 percent smaller increase in exports for developing economies and a 15 percent smaller increase for least developed economies. A 50 percent cut in domestic support leads to a 25 percent greater increase in exports for developing economies and a 20 percent smaller increase for least Source: Authors' calculations based on data from sources described in the appendix. developed economies. A 50 percent cut in export subsidies leads to a 22 percent greater increase in exports for developing economies and a 15 percent smaller increase for least developed economies.
The qualitative results remain: The increase in exports and welfare for developing economies is much larger under the 50 percent tariff cut than under the 50 percent reduction in domestic support or export subsidies. Similarly, for least developed economies the increase in exports is two times larger under the 50 percent tariff cut than under domestic support or export subsidy cuts. Developing economies experience welfare gains when tariffs are cut but welfare losses when domestic support or export subsidies are cut. For least developed economies the changes in welfare are almost negligible.
As noted earlier, the elasticity of domestic support on import demand and export supply cannot be empirically identified separately, only their sum. To test the sensitivity of the assumption that the two are equal, each in turn is assumed to be zero and the coefficient estimate is then assumed to identify the other. The estimated changes in export revenue, imports, and welfare are not affected by these modifications (with import demand and export supply recalibrated accordingly). For a 50 percent cut in domestic support the increase in Note: The dotted 45°diagonal line shows which of the two reforms provides the greater welfare gains. The country names corresponding to the country codes are in the first column of table A-3 in the appendix.
exports by developing economies is 20 percent greater, and the welfare loss is 22 percent smaller when the domestic support elasticity of export supply is assumed to be zero and the export increase is 60 percent smaller and the welfare loss is 25 percent greater. The qualitative results remain the same. For least developed economies the estimated change in exports is affected only marginally under both scenarios.
VI. CONCLUSION
Tariffs matter much more than subsidies for an impact on world prices. Although there is some heterogeneity across countries, the positive welfare effect of reducing tariffs on products that are also affected by agricultural support is a multiple of what can be obtained from an equivalent cut in domestic support or export subsidies. This reflects not only the high tariff peaks in OECD countries but also developing economies' own use of tariffs to protect domestic production. Developing economies generally have low levels of domestic support and export subsidies, reflecting both budget constraints and a more neutral policy stance toward agriculture. The analysis suggests that attention in the Doha Round should focus on reducing border protection in both OECD countries and developing economies. This does not mean that subsidies are unimportant. Decoupling domestic support from production and eliminating export subsidies are also both very important. Tariffs are often the only instrument of intervention that developing economies have to respond to the effects of OECD subsidy policies.
An important dimension of agricultural support policies that has been ignored here-the impact on price volatility-plays a major role (Valde´s and Foster 2002) . Tariff protection can shelter farmers from import surges in periods when world prices drop significantly. Whatever the source of the exogenous shock that drives prices down, the adjustment may fall disproportionately on residual (non-OECD) markets because support policies shelter OECD farmers from the shock. Unilateral liberalization of agricultural trade in countries such as India has been argued to have been politically unsustainable as farmers were subjected to large world price swings and import surges of commodities subsidized by OECD countries (Gulati and Narayanan 2002) . Many developing economies oppose further agricultural trade liberalization as long as OECD countries continue to provide large-scale support for their farmers.
Substantial reductions in OECD agricultural support policies are therefore important not only because reductions generate direct benefits for the many developing economies that are net exporters but also because OECD reductions are critical for creating the political support to allow developing country governments to continue to pursue welfare-improving agricultural trade policy reforms. Reductions in production subsidies and elimination of export subsidies in OECD countries are necessary, although not sufficient, for developing economies to reap significant gains from the current WTO negotiations on agriculture. At the same time, Anderson (2002) notes, if OECD members were to move seriously on subsidies, developing economies would also need to reduce protection. Without their own liberalization measures, the negative welfare effects for countries that experience terms of trade losses from subsidy removal would likely be greater.
Because the simulations suggest that a number of countries will lose from global agricultural policy reforms, compensation mechanisms should accompany liberalization and removal of domestic support. The same is true for countries for which preference erosion may be important. Compensation mechanisms could include additional aid for trade and support for adjustment. Such measures should include actions that improve the functioning of input, downstream, and factor markets to support efforts by farmers to expand output in response to the rise in prices. Also important are measures to reduce costs for farmers, such as actions to improve the efficiency of services-finance, insurance, transport, storage, packaging. The cost-increasing effect of inefficient services can be substantial-as illustrated in recent research on transport services (Fink and others 2002; Francois and Wooton 2001) . If such accompanying measures are taken, the resulting supply response may transform some countries from net importers to net exporters, attenuating the negative effects estimated herein (Anderson 2002) .
Finally, it is important to bear in mind that the analysis has been limited to subsidized commodities. The Doha Round negotiations span all trade, including nonsubsidized agricultural products and manufactures. The welfare findings generated by this analysis are therefore not particularly relevant, except to indicate that the countries that lose from reforms that affect subsidized agricultural products will need to identify other areas in which they can generate offsetting gains. In principle, this should be straightforward given the large negotiation set established in Doha. A P P E N D I X : DATA S O U R C E S All trade data are from UN Comtrade database (both value figures and unit prices). Data for countries that did not report trade data to Comtrade are mirrored using notifications by their trading partners.
Tariffs are drawn from the United Nations Conference on Trade and Development (UNCTAD) and WTO as provided in the UNCTAD/World Bank World Integrated Trade Solution (WITS) system. This database does not include the ad valorem equivalent of specific tariffs. For OECD countries this information comes from OECD (2000) . The OECD ad valorem equivalents of specific tariffs use exclusively out-of-quota tariffs. Quota information is not available. This may bias some estimates because some import prices may be higher if exporters benefit from in-quota lower tariffs. GDP (in U.S. dollars) and population data are drawn from the World Bank's World Development Indicators database.
The source of domestic support data is the WTO (document G/AG/NG/S/1). National currency data were converted to U.S. dollars using the period average exchange rate reported in the International Monetary Fund International Financial Statistics. The export subsidy data come from the WTO (document G/AG/ NG/S/5/Rev.1). The product classification in each country's WTO notification is arbitrary, and therefore these classifications are mapped to the HS six-digit classification system. In most cases this can be done through a one-to-one mapping. When the domestic support and export subsidies reported cover several six-digit tariff lines, the subsidy was distributed across the relevant tariff lines using the share of the reporting country's exports as weights. The concordance file is available on request.
Only 30 WTO members have made domestic support reduction commitments under the Agreement on Agriculture, but all members are required to notify WTO of domestic support. Compliance is weak-in 1995 only 75 percent of WTO members that were required to notify did so. In 1996 and 1997 the coverage dropped to around 50 percent. For 1998 only 28 percent of WTO members had notified by March 2000. However, most countries that did not notify in 1997-98 had very little or no support in 1995-96, so coverage of the data spans the major users. The incomplete reporting problem was addressed by using the average aggregate measure of support (AMS) reported for whatever years are available. The empirical analysis therefore involves an unbalanced panel.
Domestic support notified to the WTO includes exempt and nonexempt measures. There are nine categories of support, designated DS1 through DS9. DS1 covers measures that WTO members have placed in the Green Box and are therefore exempt from reductions (the Green Box categories are defined in annex 2 of the Agreement on Agriculture). DS2 covers measures for developing economies that are exempt from reduction commitments under Article 6.2 of the Agreement on Agriculture relating to development programs. DS3 covers direct payments under production-limiting programs under Article 6.5. Categories DS4-DS9 cover measures that are not necessarily exempt from reduction commitments. DS4 refers to nonexempt support that is below the de minimis level (as set out in Article 6.4). The remaining categories included in the total AMS of WTO members include market price support (DS5), nonexempt direct payments (DS6), other product-specific support (DS7), and any support measured using the equivalent measurement of support methodology (DS8). Finally, where relevant, a total figure for non-product-specific support is also given (DS9).
Because exempt subsidies are not product specific, these were also mapped into product-specific subsidies using as weights the product-specific commitments that each country made in the Uruguay Round. Non-product-specific support and export subsidies are divided evenly into all products exported by the country concerned. All products shown in notifications to the WTO are included, whether or not the support is below the de minimis level for the member concerned. Thus, total AMS may exceed total WTO commitments for a country. (4) Other OECD countries a (5) Developing countries (76) HS-2 product A number of limitations are associated with the AMS data (see de Gorter 2002 for a careful discussion of problems associated with measurement of the AMS). Two problems are that the time period for which data are available is short and reporting is incomplete, especially for more recent years. Another problem is that the economic relevance of the AMS time series is limited given the use of the fixed 1986-88 benchmark for calculating price supports. However, assuming that changes in world prices over time have a proportional effect on the ams figures of all WTO members, the double log specification used to estimate the import demand and export supply and the focus on percentage changes in variables should not significantly affect our results.
